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(54) TOe: METHOD OF FORMING MEDICAL DEVICES: INTRAVASCULAR OCCLUSION DEVICES 




(57) Abstract 

The present invention provides a method of fonning a medical device and medical devices which can be formed in accarfancc widi 
the method. In one embodiment, die method includes the steps oft a) providing a metal febiic formed of a plurality of strands formed of 
a metal which can be heat treated to substantially set a desired shape; b) deforming the metal fabric to generally conform to a surface of 
a molding element; c) heat treating the metal fabric in contact with the surface of the molding clement to substantially set the shape of 
the febric in its deformed state; and d) removing the metal fabric from contact with the molding element. The resulting metal fabric will 
define a medical device which can be collapsed for passage toough a catheter or the like for deployment in a channel of a patient's body. 
Medical devices made in accordance with this method can have varying structures. In one embodiment, the medical device (250) is carried 
by a guidewire (260) and has a metal fabric (270) extending between first and second ends (272, 274), one end (274) of the device (250) 
being adapted to slide along tiie guidewire (260). The metal fabric (270) has a collapsed configuration in which the ends (272. 274) of the 
metal fabric (270) arc spaced from one another along the guidewire (260) and a preset expanded configuration in which the ends (272. 274) 
of the metal fabric (270) arc positioned closer to one another. The metal fabric (270) wiU cause the device (250) to elasUcaUy substantially 
resume its preset expanded configuration when released from confinement within a channel in a patient's body. 
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METHOD OF FORMING M imTrAT. nRVirRS. 
INTRAVASCULAR OCCLUSION DEVICES 



The present invention generally relates to intravascular devices for treating 
S certain medical conditions and, more paxticulaily, provides a method of forming 

intravascular devices and obtain novd intravascular occhision devices. The devices 
made in accordance with the invention are particulaxly well suited for delivery through 
a cath^ or the like to a remote location in a patient's vascular system or in 
analogous vessels within a patient's body. 

10 ^ ACKqi^oywp op THE jj^mmm 

A wide variety of intravascular devices are used in various medical procedures. 
Ceitain intravascular devices, such as catheters and guidewires, are generally used 
simply to deliver fluids or other medical devices to specific locations within a patirat's 
body, such as a selective site withm the vascular system. Other, frequratly more 

IS conq>lex, devices are used in trcatmg apedfic conditions, such as devices used in 
removing vascular occlusions or for treating septal defects and the like. 

In ceitain circumstances, h may be necessary to occlude a patient's vessel, such 
as to stop blood flow through an artery to a tumor or other lesion. Presently, this is 
commonly accomplished simply by inserting, e.g. Ivalon particles, a trade name for 

20 vascular occlusion particles, and shon sections of coil springs into a vessel at a desired 
location. Hiese "embolization agents" will eventually become lodged in the vessel, 
frequently floating downstream of the site at which they are released before blocking 
the vessel. In part due to the inability to precisely position flie embolization agents, 
this procedure is often limited in its utility. 

25 Detachable balloon catheters are also used to block patimts' vessels. When 

using such a catheter, an expandable balloon is carried on a distal end of a catheter. 
When the catheter is guided to the desired location, the balloon is filled with a fluid 
untU it substantially fills the vessel and becomes lodged therein. Resins which will 
harden inside the balloon, such as an acrylonitrile, can be employed to permanently fix 
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the Size and Shape Of the balloon. The balloon can then be detached from the end of 

the catheter and left in place. 

Such balloon embolizations arc also prone to certain safety problems, though. 
For example, if the balloon is not filled enough, it will not be fiimly fixed in the 
vessel and may drift downstream within the vessel to another location, much bke the 
loose embolization agents noted above. In order to avoid this problem, physicians may 
the balloons; ft is not uncommon for balloons to nqiture and rd^^ 

into the patient's btoodstream. 

In stiU other procedures, it may not be necessary to permanently occlude a 
vessel, but it may be necessary to provide a filter or the like to prevent thrombi from 
passing a particubr location. For example, rotating burrs arc used in removing 
atheroma from the Imnen of patiaits' Wood vessels. Tluae buns can effectively 
dislodge the athertnna. but the dislodged material will simply float downstream with 
the flow of blood through the vessd unless stqw arc taken to capture die mat^ 

Some researchers have proposed various traps or filters for capturing the 
particulate matter released or created in such procedures. However, such filters 
generally have not proven to be exceptionally effective in actual use. Such filters tend 
to be cumbersome to use and accurate dq,loyment is problematic because if they are 
not properly sealed in the vessel they can drift to a more distal site where Uwy are 
20 likely to do more harm tiian good. In addition, tiiese filters arc generally capable of 

only trapping relatively large timmibi and are not effective means for nsmoving smaller 
embolic particles from tiie blood stream. 

The problems witii temporary filters, which are intended to be used only dming 
a particular procedure tiien retracted with the tiirombi trapped therein, arc more 
pronounced. Even if tiie trap does effectively capmre the dislodged material, ft has 
proven to be relatively difficutt or complex to retract tiie trap back into tiw catheter 
tiuough which h was delivered without simply dumping tiie trapped tiuombi back into 
titt blood stream, defeating the purpose of tiie temporary filter device. For tiiis 
reason, most atiierectomy devices and the like tend to aspirate tiie patient's blood 
during the procedure to remove the dislodged material entrained tiierein. 

Mechanical embolization devices, filters and traps have been proposed in tiie 
past. Even if some of those devices have proven effective, ttiey tend to be rather 
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expensive and time-consuming to manufacture. For example, some intravascular blood 
filters suggested by others are formed of a plurality of speciaUy-shaped legs which are 
adapted to fill the vessel and dig into the vessel walls. In making most such filters, 
the legs must be individually formed and then painstakingly attached to one another, 
frequenUy entirely by hand, to assemble the final filter. Not only does this take 
significant skilled manpower, and hence increase the costs of such devices, the f5act 
that each item must be made by hand tends to make quality control more difficult. 
This same difficulty and expense of manufacturing is not limited to such filters, but is 
experienced in many other intravascular devices as well. 

Accordingly, it would be desirable to provide a method for fonning devices for 
dqjloyment in a vessel in a patiwit's vessel which is botfi economical and yidds 
consistent, reproducible results. It would also be advantageous to provide a reliable 
embolization device which is both easy to deploy and can be accurately placed in a 
vessel. Furthermore, there is a need in the art for a trap or filter which can be 
deployed within a vessel for aqituring thrombi, which trap can be reliably dq)loyed; if 
the trap is to be used only temporarily, it should be readily withdrawn from the patient 
without simply dumping the trapped thrombi back into the blood stream. 

CTTMMARY OP THE INVENTION 

The present invention provides a method for forming intravascular devices from 
a resilient metal fabric and medical devices which can be formed in accordance with 
this method. In the method of the invmtion, a m^ fabric formed of a plurality of 
resilient strands is provided, with the wires being formed of a resilient material which 
can be heat treated to substantially set a desired shape. This fabric is then defonned to 
generally conform to a molding surfoce of a molding element and the fabric is heat 
treated in contact with the surface of the molding element at an elevated temperature. 
The time and temperature of the heat treatmrat is selected to substantially set the fiEibric 
in its deformed state. After the heat treatment, the fabric is rmoved from contact 
with the molding element and will substantially retain its shape in the deformed state. 
The fiibric so treated defines an expanded state of a medical device which can be 
d^loyed through a catheter into a channel in a patient's body. 

In accordance with the method of the invention, a distal end of a catheter can 
be positioned in a channel in a patient's body to position the distal end of the catheter 
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adjacent a treatment site for treating a physiological condition. A medical device made 
in accordance with the process outlined above can be collapsed and inserted into the 
lumen of the catheter. The device is uiged through the catheter and out the distal end, 
whereupon it wiU tend to retuni to its expanded state adjacent the treatnient site. 

Fuitha- embodiments of the present invention also provide specific medical 
devices which may be made in accoidance with the present invention. Such devices of 
the invention are fonned of a metal fabric and have an ejqwnded cenfiguiation and a 
collapsed configuialion. Tlie devices are collapsed for deployment through a catheter 
and, upon exiting the distal end of the catheter in a patient's channel, wiU nssiliently 
substantially return to their eqianded configuration. In accordance with a first of these 
embodiments, a generaBy dongate medical device has a genetaUy tubular middle 
portion and a pair of expanded diameter portions, with one expanded diameter portion 
positioned at either end of the middle portion. In another embodiment, the medical 
device is generally bdl-shaped, having an elongate body having a tapered first end and 
a larger second end, the second end presenting a fiibric disc which will be oriented 
gennally petpen&ular to an axis of a channel when dqiloyed thnein. 

P BTBP nBSCTTPTTON OF T HE DRAWINGS 
Figures lA and IB each dqrict a metal fabric suhable for use with the 
invention; 

Figures 2A and 2B are a ride view and a pospective view, respectively, of a 
molding element and a length of a metal febric suitable for use in forming a medical 
device in acconlance with the invention, the mold bemg in a disassembled state; 

Figure 3A is a perqjective view showing the molding element and metal fabric 
of Figure 2 in a partially assembled state; 

Figure 3B is a close-iq) view of the highlighted area of Figure 3A sbowmg the 
compression of the metal fabric in the molding element; 

Figure 4 is a cross-sectional view showing the molding elonent and metal 
fabric of Figure 2 in an assembled state; 

Figures 5A and 5B arc a side view and an end view, respectively, of a medical 
device in accordance with the invention; 
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Figures 6A-6C are a side view, an end view and a perspective view, 
respectively, of a medical device in accordance with another embodiment of the 
invention; 

Figure 7 is a side, cross sectional view of a molding element suitable for 
formin g the medical device shown in Figures 6A-6C; 

Figure 8 is a schematic illustration showing the device of Figures 6A-6C 
deployed in a channel of a patient's vascular system to occlude a Patent Ductus 
Arteriosus; 

Figures 9A and !S aie a side view and an end view, respectively, of a medical 
device in accordance with y^ another raibodiment of the invention; 

Figure lOA is a side view of one molding elemrat suitable for forming the 
invention of Figures 9A and 9B; 

Figure lOB is a cross-sectional view of another molding donent suitable for 
forming the invention of Figures 9A and 9B; 

Figure IOC is a cross-sectional view of still iemother molding element suitable 
for fonning the invoition of Figures 9A and 9B; 

Figure llA is a schematic side view of yet another medical device made in 
accordance with the invention showing the device in a colhq>sed state for dq>loyment 
in a patient's vascular system; 

Figure 1 IB is a schematic side view of the medical device of Figure 11 A in an 
expanded state for dq)Ioyment in a patient's vascular syst^; 

Figure 12A is a schematic side view of an alt^native embodiment of the 
invention of Figure 11 A showing the device in a collapsed state within a catheter for 
dq>loymeat; 

Figure 12B is a schematic side view of the device of Figure 12A showing the 
device deployed distally of the catheter; 

Figure 13 is a schematic perspective view showing a medical device in 
acconiance with yet a further embodiment of the invention collapsed within a catheter 
for deployment in a channel in a patient's body; 

Figure 14 is a schematic side view of the device of Figure 13 in a partially 
deployed state; and 
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Figuie 15 is a schematic side view of the device of Figure 13 in a fully 
deployed state. 

p^^n ^^ nRgmiPTTON OF the prefe rred embodiments 

Hie present invention provides a rqwoducible, relatively inexpensive method of 
forming devices for use in channels in patients' bodies, such as vascular channels, 
urinary tracts, biliary ducts and the like, as well as devices which may be made via 
that method. In forming a medical device via the method of the invention, a metal 
fabric 10 is provided. The fabric is formed of a plurality of wire strands having a 
predetermined relative orintation between the strands. Figures lA and IB illustrate 
two samples of metal fabrics which are suitable for use in the method of the 
invention. 

In the fabric of Figure lA, the metal strands define two sets of essentially 
parallel generaUy helical strands, with the strands of one set having a "hand", i.e. a 
direction of rotation, opposite that of the other set. This defines a generally tubular 
fabric, known in the fabric industry as a tubular braid. Such tubular braids are well 
known in the fabric arts and find some 2q}plications in the medical device field as 
tubular ^rics, such as in rrinforcing the wall of a guiding catheter. As such braids 
are well known, they need not be discussed at length here. 

The pitch of the wire strands (i.e. the angle defined b^ween the turns of the 
wire and the axis of the braid) and the pick of the fabric (i.e. the number of turns per 
unit length) may be adjusted as desired for a particular ^plication. For example, if 
the medical device to be formed is to be used to occlude the channel in which it is 
placed, the pitch and pick of the fabric will tend to be higher than if the device is 
simply intended to filter bodily fluid passing therethrough. 

For example, in using a tubular braid such as that shown in Figure lA to form 
a device such as that illustrated in Figures 5A and 5B, a tubular braid of about 4 mm 
in diameter with a pitch of about 50** and a pick of about 74 (per linear inch) would 
seem suitable for a devices used in occluding channels on the order of about 2 nun to 
about 4 mm in iimer diameter, as detailed below in coimection with the embodiment of 
Figures SA and SB. 
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Figure IB illustrates another type of fabric which is suitable for use in the 
method of the invention. This fabric is a more conventional fabric and may take the 
form of a flat woven sheet, knitted sheet or the like. In the woven fabric shown in 
Figure IB, there aie also two sets 14 and 14' of gmeialiy parallel strands, with one set 
of strands being oriented at an angte, e.g. generally peipendicular (having a pick of 
about 90^), with respect to the other set. As noted above, the pitch and pick of this 
fabric (or, in the case of a knit fabric, the pick and the pattern of the kit, e.g. Jersey 
or double knits) may be selected to optimize the desired properties of the final medical 
device. 

The wire strands of the metal fabric used in the present method should be 
formed of a material which is both resilient and can be heat treated to substantially set 
a desired sh^. Materials which are believed to be suitable for this puipose include a 
cobalt-based low ttiermal esqiansion alloy referred to in the field as Elgiloy, nickel- 
based high-tempecature high-strength '*siq)eralloys" conunercially available from 
Haynes International imder the trade name Hastelloy, nickel-based heat treatable alloys 
sold under the name Incoloy by Inteniational Nickel, and a number of different grades 
of stainless steel. The important factor in choosing a suitable material for the wires is 
that the wires retain a suitable amount of the drformation induced by the molding 
surface (as described below) when subjected to a predetermined heat treatment. 

One class of materials which meet these qualifications are so-called shape 
memory alloys. Such alloys tend to have a temperature induced phase change which 
will cause the material to have a preferred configuration which can be fixed by heating 
the material above a certain transition temperature to induce a change in the phase of 
the material. When the alloy is cooled back down, the alloy will "remember" the 
shape it was in during the heat treatment and will tend to assume that configuration 
unless constrained from so doiag. 

One paiticularly preferred sbi^e memory alloy for use in the present method is 
nitinoL an approximately stoichiometric alloy of nickel and titanium, which may also 
include other minor amounts of other metals to achieve desired properties. NiTi alloys 
such as nitinol, including appropriate compositions and handling requirements, are well 
known in the art and such alloys need not be discussed in detail here. For example, 
U.S. Patents 5,067,489 (Lind) and 4,991,602 (Amplatz et al.), the teachings of which 
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are incorporated herein by reference, discuss the use of shape memory NiTi aUoys in 
guidewires. Such NiTi aUoys are prefcired, at least in part, because they are 
commerciaUy available and more is known about handling such alloys than other 
known sta?)e memory aUoys. NTH alloys are also very elastic - they are said to be 
-superelastic" or "pseudoelastic". TTiis elasticity will hdp a device of the invention 
remm to a present expanded configuration for deployment. 

Hie wire strands can comprise a standard monofilament of the selected 
material, i.e. a standard wire stodc may be used. If so desired, though, the individual 
wire strands may be formed ftom "cables" made up of a pluraUty of individual wires. 
For example, cables formed of metal wires where several wires are helically wrapped 
about a central wire are commerciaUy available and NiTi cables having an outer 
diameter of 0.003 inches or less can be pjMchased. One advantage of certain cables is 
that they tend to be "softer" than monofDament wires having the same diameter and 
formed of the same material. Additionally, if the device being formed from the wire 
strands is to be used to occtade a vessel, the use of a cable can increase the effective 
sur^ area of the wire strand, which will tend to promote thrombosis. 

In preparation of forming a medical device in keeping with the invention, an 
apprepriaidy sized piece of the metal fiibric is cut from the larger piece of fiibric 
which is formed, for example, by braiding wire strands to form a long tobular braid. 
The dimensions of the piece of febric to be cut will depead, in targe part, upon the 
size and sh^e of the medical device to be formed therelirom. 

When cutting the fabric to the desired (fimensions, care should be taten to 
ensure that the fabric wiU not unravel. In the case of tubular braids formed of NiTi 
aUoys. for example, the individual wire strands wiU tend to retom to their heat-set 
configuration unless constrained. If the braid is heat treated to set the strands in the 
braided configuration, they will tend to remain in the braided form and only the ends 
will become frayed. However, it may be more economical to simply form the braid 
without heat treating the braid since the fiibric will be heat treated again in formmg the 
medical device, as noted below. 

In such untreated NiTi fabrics, the strands will tend to return to their unbraided 
configuration and the braid can unravel fairly quickly unless the ends of the length of 
braid cut to form the device are constrained relative to one another. One method 
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which has proven to be usefiil to prevent the braid from unraveling is to clamp the 
biaid at two locations and cut the braid to leave a length of the braid having clamps 
(15 in Figure 2) at cither end, thereby effectively defining an empty space within a 
sealed length of fabric. These clamps IS will hold the rads of the cut biatd together 

S and prevent the braid from unraveling. 

Alternatively, one can solder, braze, weld or otherwise aflBx the ends of the 
desired length together (e.g. with a biocompatible cementitious organic material) 
before cutting the braid. Although soldering and brazing of Nfll alloys has proven to 
be fairly difficult, the ends can be welded together, such as by spot welding with a 

10 laser welder. 

The same problCTis present themselves when a flat she^ of fabric such as the 
woven fabric shown in Figure IB is used. With such a fabric, the fabric can be 
inverted upon itself to form a recess or dq)ression and the fabric can be clamped about 
this recess to form an empty pocket (not shown) before the fabric is cut. If it is 

IS desired to keep the fabric in a generally flat configuration, it may be necessary to weld 
the junctions of the strands together adjacent the periphery of the desired piece of 
fabric before that piece is cut from the lar^ger sheet. So connecting the ends of the 
strands together will prevent fabrics formed of untreated shape memory alloys and the 
like from unraveliiig during the forming process. 

20 Once an appropriately sized piece of the metal fabric is obtained, the fabric is 

deformed to generally conform to a surface of a molding d^ent. As will be 
appreciated more fully fiom the discussion below in connection with Figures 2-16, so 
deforming the fabric will reorient the relative positions of the strands of the metal 
fabric from their initial order to a second, reoriented configuration. The sh^e of the 

25 molding element should be selected to deform the fabric into substantially the shi^ of 
the desired medical device. 

The molding elraient can be a single piece, or it can be formed of a series of 
mold pieces which together define the surface to which the fabric will generally 
conform. The molding element can be positioned within a space enclosed by the fabric 

30 or can be external of such a space, or can even be both inside and outside such a 
space. 
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In order to illustrate one example of how such a mold may be configured and 
how it may be used in accordance with the method of the invention, reference will be 
had to Figures 2-5. In Figures 2-4, the molding element 20 is formed of a number of 
sqiaiate pieces which can be attached to one another to complete the molding element 
20. In using such a multi-piece molding clement, the mold can be assembled about the 
cut length of fabric 10, thereby deformmg the fabric to generally conform to the 
desired surface (or surfaces) of the molding element. 

In the moldmg element illustrated in Figures 2-4, the metal fabric 10 is 
deformed to generally conform to a surface of the molding elem^ 20, the moldmg 
elmient comprisiiig a crater section 30 and a pair of end plates 40. Turning first to 
the crater section 30, the crater section is dearably formed of opposed halves 32, 32 
which can be moved away from one anoth^ in order to introduce the metal fabric 10 
into the mold. Although these two halves 32, 32 are shown in the drawings as bring 
completely sqwraled from one another, h is to be understood th^ 
be interconnected, such as by means of a hinge or the like, if so desired. The opposed 
halves of the molduig elemrat 20 shown in the drawings of Figures 2 and 3 each 
include a pair of semi-circular recesses opposed on either side of a ridge defining a 
generally semi-circular q)emng. Whra the two halves are assembled in forming the 
device, as best sera in Figure 3, the semi-circular openings in the opposed halves 32, 
32 mate to define a graerally circular forming port 36 passing through the center 
section 30. Similarly, the senu*circular recesses in the two halves together form a pair 
of generally circular cratral recesses 34, with one such recess bring disposed on either 
fEu:e of the crat^ section. 

Hie overall shape and dimensions of the crater section can be varied as desired; 
it is generally the size of the cratral recesses 34 and the forming port 36 which will 
definethesizeandshapeof the middle of the finished device, as explained bdow. If 
so desired, each half 32 may be provided with a manually graspable projection 38. In 
the embodiment shown in the drawings, this projection 38 is provided at a location 
disposed away from the abutting faces of the respective halves. Such a manually 
graspable projection 38 will simply enable an operator to more easily join the two 
halves to defme the recesses 34 and forming port 36. 
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The center section is adapted to cooperatively engage a pair of end plates 40 for 
fonning the desired device. In the embodiment shown in Figures 2 and 3, the center 
section 30 has a pair of flat outer faces 39 which are each ^utapted to be engaged by an 
inner face 42 of one of the two end plates 40. Each end plate includes a compxession 

S disk 44 which extends generally lateraUy inwardly from the inner £ace 42 of the end 
plate. This conqnession disk 44 should be sized to permit it to be received within one 
of the central recesses 34 on either face of die center section 30. For reasons 
e^qplained more fiilly bdow, each compression disk 44 includes a cavity 46 for 
recdvmg an end of the Iragth of the metal fabric 10. 

10 One or more channels 48 for receiving bolts and the like may also be provided 

through each of the md plates and tiirough the crater section 30. By passmg bolts 
through these diannds 48, one can assemble the molding element 20 and retain the 
metal fabric in the desired shape during fhe heat treatmCTt process, as outlined below. 
In utilizmg the molding elCTirat 20 shown in Figures 2-4, a lei^h of the m^ 

15 fabric 10 can be positioned between the opposed halves 32 of the crater section 30. In 
the drawings of the molding element 20 of Figures 2-4, the metal fabric 10 is a tubuhtf 
hiBid such as that illustrated in Rgure 1 A. A sufficient lei^ of the tubular braid 
should be provided to permit the fabric to conform to the molding surface, as 
explained below. Also, as noted above, care should be taken to secure the aids of the 

20 wire strands defining the tubular braid in order to prevent the metal fabric from 
unraveling. 

A central portion of the length of the metal braid may be positioned within one 
of the two halves of the forming port 36 and the opposed halves 32 of the center 
section may be joined to abut one another to restrain a central portion of the metal 
25 braid within the central fonning port 36 through the center section. 

The tubular braid will tend to have a natural, relaxed diameter which is 
defmed, in large part, when the tubular braid is formed. Unless the tubular braid is 
otherwise deformed, when the wire strands are in their relaxed state they will tend to 
define a generally hollow tube having the predetermined diameter. The outer diameter 
30 of the relaxed braid may be, for example, about 4 mm. The relative size of the 
forming port 36 in the central section 30 of the molding element and the natural, 
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relaxed outer diameter of the tubular braid may be varied as desired to achieve the 
desired shape of the medical device being formed. 

In the embodiment shown in Figures 2 and 3, the inner diameter of the forming 
port 36 is optnnaUy sKghtly less than the namial, relaxed outer diameter of the tubular 
biaid 10. Hence, when the two halves 32, 32 arc assembled to form the center section 
30, flie tubular braid 10 will be slightly conqitessed within the forming port 36. This 
will help ensure that the tubular braid conforms to the inner surface of the forming 
port 36, whidi d^es a poiticm of the molding surface of the molding donent 20. 

If so desired, a generally cylindrical internal molding section (not shown) may 
also be provided. This internal moldmg section has a slighUy smaller dianuaertfian 
the inner diameter of the forming port 36. In use, the mtemal molding section is 
placed within the length of the metal fabric, such as by manually moving the wire 
strands of the fabric apart to form an opening through which the internal molding 
section can be passed. This internal molding section should be positioned within the 
mbular braid at a location where it will be disposed withm the forming port 36 of the 
center sectimi vfbea fba molding elonent is assonbled. There should be a suifident 
space betweoi the outer soifaoe of the interior molding section and the inno- surface of 
thefonningport 36 to permit the wire strands of the fabric 10 to be received 

therebetweoi. 

By using such an internal molding section, the dimensions of the central portion 
of the finished medicaJ device can be fairiy accurately controlled. Sudi an internal 
molding section may be necessary in circumstances where the natural, relaxed outer 
diameto- of tfie tubular braid 10 is less than the inner diamet^ of tiie forming port 36 
to ensure that the braid conforms to the inner surface of that forming port. However, 
it is not believed that sudi an intonal moldmg section would be necessary if the 
natural, relaxed outer diameter of the braid were larger tfian the inn» diameter of the 

forming port 36. 

As noted above, the ends of the tubular braid should be secured in order to 
prevent the braid from unraveling. Each end of the metal fabric 10 is desirably 
received within a cavity 46 fonned in one of the two end plates 40. If a clamp (15 in 
Figure 2) is used, the clamp may be sized to be relatively snugly received within one 
of these cavities 46 in order to effectively attach the end of the fabric to the end plate 
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40. The end plates can then be urged toward the center section 30 and toward one 
another until the compression disk 44 of each end plate is received within a central 
recess 34 of the center section 30. The molding element may then be clamped in 
position by passing bolts or the like through the channels 48 in the molding element 
and loddng the various components of the molding element together by tightening a 
nut down onto such a bolt (not shown). 

As best seen in Figure 3A, when an end plate is urged toward the center section 
30, this win compress the tubular braid 10 generally along its axis. Wh» the tubular 
braid is in its relaxed configuration, as illustrated in Figure lA, the wire strands 
forming the tubular braid will have a first, predetermined relative orientation with 
respect to one another. As the tubular braid is compressed along its axis, the fabric 
will tend to flare out away from the axis, as illustraled in Figure 4. When the fabric is 
so defonned, the relative orientation of the wire strands of the m^ &bric will 
change. When the molding elraient is finally assembled, the metal fabric will 
generally conform to the molding surface of this element. 

In the molding element 20 shown in Figures 2-4, the molding surface is defined 
by the inner surface of the forming port, the inner surfaces of the central recess 34 and 
the faces of the compression disks 44 which are received withm the recesses 34. If an 
internal molding section is used, the cylindrical outer surface of that section may also 
be considered a part of the molding surface of the molding draient 20. Accordingly, 
when the molding element 20 is completely assembled the metal fabric will tend to 
assume a somewhat "dumbbeir-shsqied configuration, with a relatively narrow center 
section disposed between a pair of bulbous, perhaps even disk-shaped end sections, as 
best seen in Figure 4. 

It should be understood that the specific sh^ of the particular molding element 
20 shown in Figures 2-4 is intended to produce one useful medical device in 
accordance with the present method, but that other molding elements having different 
configurations could also be used. If a more complex shape is desired, the molding 
element may have more parts, but if a simpler shape is being formed the molding 
element may have even fewer parts. The number of parts in a given molding element 
and the shapes of those parts will be dictated almost entirely by the shape of the 
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desirod medical device as the molding element must define a molding surface to which 
the metal fabric will generally conform. 

Accordingly, the specific molding element 20 shown in Figures 2-4 is simply 
intended as one specific example of a suitable molding element for forming one 
particular usefnl medical device. Additional molding elements having different designs 
for producing different medical devices are e3q)lained below in connection with, e.g., 
Figures 8 and 10. Dq)ending on the desired shape of the medical device being 
fonned, the sh^ and configuration of other specific molding danents can be readily 
designed by those of ordinary skill in die art. 

Once the molding element 20 is assembled with the metal fabric generally 
conforming to a molding surface of that element, the fabric can be subjected to a beat 
treatment while it resmains in contact with that molding surface. Ibis heat treatmrat 
will depend in large part upon the material of which the wire strands of the metal 
fabric are formed, but the time and temperature of the heat treatment should be 
selected to substantially s« the fobric in its deformed state, i.e., wherein the wire 
stiands are in their reoriented relative configuration and the fabric generaUy conforms 
to the molding surface. 

The time and temperature of the heat treatment can vary grsatly depending 
upon the material used in forming the wire strands. As noted above, one preferred 
class of materials for forming the wire stands are shape memory alloys, with nitinol, a 
nickel titanium aUoy, being particularly preferred. If nitinol is used in making the 
wire strands of the fabric, the wire strands will tend to be very elastic when the metal 
is in its austenitic phase; this very elastic phase is frequently referred to as a 
"superelasdc" or "pswidoelastic" phase. By heating the nitinol above a certain phase 
transition tenqjerature, the crystal structure of the nitinol metal whai in its austenitic 
phase can be set. This will tend to "set" the shape of the fabric and the relative 
configuration of the wire strands in the positions in which they are held during the heat 
treatment. 

Suitable heat treatments of nitinol wire to set a desired shape are well known in 
the art. Spirally wound nitinol coils, for example, are used in a number of medical 
applications, such as in forming the coils commonly carried around distal lengths of 
guidewires. A wide body of knowledge exists for forming nitinol in such medical 
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devices, so there is no need to go into great detail here on the parameters of a heat 
treatment for die nitinol fabric preferred for use in the present invention. 

Briefly, though, it has been found that holding a mtinol fabric at about SWC 
to about 550*C for a period of about 1 to about 30 minutes, depending on the softness 
or harness of the cfevice to be made, wiU tend to set the fabric in its deformed state, 
i.e. wherein it conforms to the molding surface of the molding element. At lower 
temperatures the heat treatment time will tend to be greater (e.g. about one hour at 
about 3S0^C) and at higher tenqieratuies the time will tend to be shorter (e.g. about 30 
seconds at about QOO'^C). These parameters can be varied as necessary to 
accommodate variations in the exact composition of the nitinol, prior heat treatment of 
the nidnol, the desired properties of the mtinol in the finished article, and other factors 
which will be well known to those skilled in this field. 

Instead of relyii^ on convection heating or the like, it is also known in the art 
to ^ly an electrical current to the nitmol to heat it. In the presrat invention, this can 
be accomplished by, for exaniple, hookii^ electrodes to the clamps IS carried at either 
end of the metal febric illustrated in Figure 2. The wire can then be heated by 
resistance heating of the wires in order to achieve the desired heat treatment, which 
will tend to eliminate the need to heat the entire molding element to the desired heat 
treating temperature in order to heat the metal fabric to the desired temperature. 

After the heat treatment, the fabric is removed from contact with the molding 
element and will substantially retain its shape in a deformed state. When the molding 
element 20 illustrated in Figures 2-4 is used, the bolts (not shown) may be removed 
and the various parts of the molding element may be disassembled in essentially the 
reverse of the process of assembling the molding element. If an internal molding 
section is used, this molding section can be removed in much the same fashion that it 
is placed within the generally tubular metal fabric in assembling the molding element 
20, as detailed above. Figures SA and SB illustrate one embodiment of a medical 
device 60 which may be made using the molding element 20 of Figures 2-4. As 
discussed below, the device of Figure 5 is paniculariy well suited for use in occluding 
a channel within a patient's body and these designs have particular advantages in use 
as vascular occlusion devices. 
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The vascular occlusion device 60 of Figure 5A includes a generally tubular 
middle portion 62 and a pair of expanded diameter portions 64. One expanded 
diameter portion is disposed at either end of the generally tubular middle portion 62. 
In the embodiment shown in Figures 5A and 5B, the oqanded diameter portions 64 
include a ridge 66 positioned about midway along their lengths. 

The relative sizes of the tubular middle section and fhe expanded diameter 
portions can be varied as desired. In.thi5 particular embodiment, the medical device is 
intended to be used as a vascular occlusion device to substantially stop the flow of 
blood through a patient's blood vessel. When the device 60 is dq>loyed within a 
patient's blood vessel, as detailed below, it wiD be positioned within the vessel such 
that its axis generally coincides with the axis of the vessel. Hie dumbbell-shape of the 
present device is intmded to limit the ability of the vascular occlusion device 60 to 
tuni at an angle with respect to the axis of the blood vessel to rasure that it remains in 
substantially the same position in which the operator deploys it widiin the vessel. 

Although the illustsated embodiments of this invoition only have two eiqianded 
diameter portions, it should be understood that the device could have more than two 
such e^qianded diameter portions. For example, if the device has three expanded 
diameter portions, each e^qianded diameter portion is separated from at least one other 
esqianded diameter portion by a tubular portion having a smaller diameter. If so 
desired, the diameters of each of the expmd&A diameter portions can be the same, but 
they need not be the same. 

In Older to relatively strongly «gage the lumen of the blood vessel, the 
maximum diam^ of the expanded diameter portions 64 (which occurs along the 
middle ridge 66 in this embodimrat) should be selected so that it is at least as great as 
the diameter of the lumen of the vessel in which it is to be deployed, and is optimally 
slightly greater than that diam^er. Whra it is deployed wiUiin the patient's vessel, the 
vascular occlusion device 60 will engage the lumen at two spaced-apart locations. Hie 
device 60 is desirably longer along its axis than the dimension of its greatest diameter. 
This will substantiaUy prevent the vascular occlusion device 60 from turning within the 
lumen at an angle to its axis, essentially preventing the device from becoming 
dislodged and mmbling along the vessel with blood flowing through the vessel. 
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The relative sizes of the generally tubular middle portion 62 and expanded 
diameter portion 64 of the vascular occlusion device 60 can be varied as desired for 
any particular plication. For example, the outer diameter of the middle portion 62 
may range between about one quarter and about one third of the maximum diameter of 

5 the expanded diameter portions 64 and the length of the middle portion 62 may 

comprise about 20% to about 50% of the overall length of the device. Although these 
dimensions ^xc suitable if the device 60 is to be used solely for occluding a vascular 
vessel, it is to be understood that these dimensions may be varied if the device is to be 
used in other aiq)lications, such as where the device is intended to be used simply as a 

10 vascular filter rather than to substantially occlude the entire vessel or where the device 
is dqiloyed in a different charmel in a patient's body. 

The aspect ratio (i.e., the ratio of the length of the device over its maximum 
diameter or width) of the device 60 illustrated in Figures 5 A and SB is desirably at 
least about 1.0, with a range of about 1.0 to about 3.0 being preferred and an aspect 

15 ratio of about 2.0 being particularly preferred. Having a greater aspect ration will 
tend to prevent the device ftom rotating generally perpendicularly to its axis, which 
may be referred to as an end over end roll. So long as the outer diameter of the 
esqnnded diameter portions 64 of the device is large enough to seat the device fairly 
securely against the lumen (tf the charmd in which the device is dq>loyed, the inability 

20 of the device to tnm end over end will help keq> the device dq>loyed precisely where 
it is positioned witfain the patient's vascular system or in any other channel in the 
patient's body. Alternatively, having ejqxmded diameter portions which have natural, 
relaxed diameters substantially larger than the lumen of the vessels in which the device 
is dq>loyed should also suffice to wedge the device into place in the vessel without 

25 undue concern bring placed on the aspect ratio of the device. 

The pick and pitch of the metal fabric 10 used in fonning the device 60, as well 
as some other factors such as the number of wires employed in a tubular braid, are 
important in determimng a number of the properties of the device. For example, the 
greater the pick and pitch of the fabric, and hence the greater the density of the wire 

30 strands in the fabric, the stiffer the device will be. Havmg a greater wire density will 
also provide the device with a greater wire surface area, which will generally enhance 
the tendency of the device to occlude a blood vessel in which it is deployed. This 



PCT/US9S08613 

1V096A)1S9I 

- 18- 

thiombogenicity can be either enhanced, e.g. by a coating of a thrombolytic agent or 
by attaching silk or wool fabric to the device, or abated, e.g. by a coating of a 
lubricious, anti-thiombogenic compound. A variety of materials and techniques for 
enhancing or reducing thrombogenicity are weU known in the art and need not be 
detailed here. 

When the device is dqiloyed in a patient's vessel, thrombi win tend to collect 
on the surface of the wires. By having a greater wire density, the total surface area of 
the wires wffl be increased, increasing the thrombolytic activity of the device and 

permitting it to relatively rapidly occlude die vessel m which it is deployed. It is 
believed that forming the occlusion device 60 from a 4 mm diameter tubular braid 
having a pick of at least about 40 and a phch of at least about 30" will provide 
suffidem surface area to substantiaUy completely occlude a blood vessel of 2 mm to 
about 4 mm in inner dwmeter in a suitable period of time. If it is desired to increase 
the rate at which the device 60 occludes the vessel in which it is dqiloyed, any of a 
wide variety of known thrombolytic agents can be applied to the device. 

Figures 6A-6C illustrate an attereative embodimem of a medical device in 
accoidance with the present invention, lliis device 80 has a generally beU-sh^ 
body 82 and an outwardly extending forward end 84. One application for which this 
device is particularly weU suited is occluding defects known in the art as patent ductus 
arteriosus (PDA). PDA is essentially a condition wherran two bkxxl vessels, most 
commonly the aorta and puhnonary aiteiy adjacent tfie heart, have a shunt between 
tiieir lumens. Blood can flow directty between tiiese two blood vessels tinough die 
shunt, compromising tiie normal flow of blood tiirough die patient's vessels. 

As e^lained more fully below in connection witii Figure 8, die bell-shq)ed 
body 82 is ad^ted to be deployed witiiin tiie shunt between die vessels, while tiie 
forward end 84 is adapted to be positioned witiiin one of the two vessels to help seat 
tiie body in the shunt. The sizes of the body 82 and tiie end 84 can be varied as 
desired for differentiy sized shunts. For example, tiie body may have a diameter along 
its generaUy cylindrical middle 86 of about 10 mm and a length along its axis of about 
25 mm. In such a device, die base 88 of die body may flare generally radially 
outward untU it reaches an outer diameter equal to that of the forward end 84, which 
may be on the order of about 20 mm in diameter. 



wo 96/01591 PCTaJS95/08613 

- 19- 

The base 88 desirably flares out relatively rapidly to define a shoulder tapering 
radially outwanlly from the middle 86 of the body. When the device is deployed in a 
vessel, this shoulder will abut the lumen of one of the vessels being treated. The 
forward end 84 is retained wiOin the vessel and ur^^ the base 88 of the body open to 

S ensure that the shoulder engages the wall of the vessel to prevent the device 80 from 
becoming dislodged from within the shunt. 

As dialled above, in making a device of the invention it is desirable to attach 
the ends of the wire strands forming the metal fabric 10 to one another to prevent the 
fabric from unraveling. In the illustrations of Figures 6A-6C, a clamp 15 is used to tie 

10 together the ends of the wire strands adjacent the front end 84 of the device. It is to 

be understood that this clamp IS is simply a schematic illustration, though, and that the 
ends could be attached in other ways, such as by welding, soldering, brazing, use of a 
biocompatible cementitious material or in any other suitable fashion. 

The rearward ends of the wire strands are shown as being attached to one 

IS another by an ahemative clamping means 90. This clamp 90 serves the same puqx>se 
as the sch^atically illustrated clamp 15, namely to interconnect the ends of the wires. 
However the clamp 90 also serves to connect the device 80 to a delivery system (not 
shown). In the embodiment shown, the clamp 90 is generally cylindrical in shape and 
has a recess for receiving the ends of the wires to substantially prevent the wires from 

20 moving relative to one another, and a threaded outer surface. The threaded outer 

surface is adapted to be received within a cylindrical recess (not shown) on a distal end 
of a delivery device and to engage the threaded inner surface of the delivery device's 
recess. 

The deliveiy device (not shown) can take any suitable shape, but desirably 
25 comprises an elongate, flexible metal shaft having such a recess at its distal end. The 
delivery device can be used to urge the PDA occlusion device 80 through the lumen of 
a catheter for dq)loyment in a chaimel of the patient's body, as outlined below. When 
the device is deployed out the distal rad of the catheter, the device will still be r^ained 
by the delivery device. Once the proper position of the device 80 in the shunt is 
30 confirmed, the shaft of the delivery device can be rotated about its axis to unscrew the 
clamp 90 from the recess in the delivery means. 
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By keeping the PDA device 80 attached to the delivery means, the operator 
could still retract the device for repositioning if it is detennined thai the device is not 
properly positioned in the first attempt. This threaded attachment will also allow the 
operator to control the manner in which the device 80 is deployed out of the distal end 

5 of the catheter. As e^lained below, when the device exits the catheter it will tend to 
lesiliently return to a preferred e^qsanded shape which is set when the fabric is heat 
treated. When the device brings back into this shape, it may tend to act against the 
distal end of the catheter, dfectively uiging itself forward beyond the end of the 
catheter. This spring action could conceivably resuU in inq>roper positioning of the 

10 device if the location of the device within a channel is critical, such as where it is 
bemg po^oned in a shunt betwem two vessels. Since the threaded clamp 90 can 
enable the operator to in^intain a hold on the device during dqployment, the spring 
action of the device can be controlled and the operator can control the d^loymoit to 
ensure prefer positioniAg. 

IS A FDA ooduaon device 80 of this embodmmt of die invention can 

advantageously be made in accordance with the method oudined above, namely 
deforming a metal fabric to generally conform to a molding surface of a molding 
element and heat treating the fabric to substantially set the fabric in its deformed state. 
Figure 7 shows a molding element 100 which may be suitable for forming a FDA 

20 occlusion device 80 such as that shown in Figures 6A-6C. 

The molding element 100 generally comprises a body portion 110 and an end 
plate 120. The body poition 110 is adapted to receive and form the body 82 of the 
device 80 while the end plate is adsgited to compress against the metal fabric to form 
the forward end 84. The body poition 110 includes an elongate, generally tubular 

25 central segment 112 which is sized to receive the elongate body 82 of the device. The 
central segment 112 of the molding element 100 optimally has an internal diameter 
slightly less fii?« the natural, relaxed outer diameter of the tubular braid of which the 
device is formed. This compression of the braid will help yield devices with 
rcproducibly sized bodies 82. The forward end of the body poition 110 includes a 

30 back plate 114 which has a generally annular sidewall 116 depending downwardly 
therefrom. The sidewall defmes a recess 118 which is generally circular in shape. 
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The end plate 120 of the molding element 100 has a generally disc-shs^ed face 
122, which desirably has a damp port 124 approximately centered therein for 
receiving a damp 15 attached to the metal fabric, as noted above. Tlie end plate also 
has an annular sidewall 126 which extends generally upwardly from the face 122 to 
define a generaUy cylindrical recess 128 in the end plate 120. The sidewaU 116 of the 
body poition 110 is azed to be received within the recess 128 of the end plate. 

In use, the metal fabric is placed in the molding elCTient and the body portion 
110 and Ae end plate 120 are brought toward one another. Tho inner face of the back 
plate 1 14 will engage the fabric and tend to urge it under compression generally 
radially outwardly. The fabric will thwi be enclosed generally within the recess 118 of 
the body portion and will genmlly conform to the inner surface of that recess. If one 
prevents the entire clamp 15 from passing through the clamp port 124, the fabric wiU 
be spaced slightly away from the inner surface of the face 122, yielding a slight dome 
shape in the forward end 84 of the device, as illustrated in Figures 6. Although the 
illustrated embodiment includes such a dome-shaped forward ad, it is to be 
understood that the forward end may be substantially flat (excqpt for the clamp IS), 
which can be accomplished by allowing the clamp to be recdved entirely within the 
clamp port 124 in the end plate. 

Once the fabric is compressed in the molding element 100 so that it generally 
conforms to the molding surface of the molding element, the fabric can be subjected to 
a heat treatment such as is outlined above. When the molding element is opened again 
by moving the body portion 110 and the end plate 120 away from one another again, 
the fabric will generally retain its deformed, compressed configuration. The device 
can then be collapsed, such as by urging the clamps 15, 90 generally axially away 
from one another, which will tend to collapse the device toward its axis. The 
collapsed device 80 can then be passed through a catheter for deployment in a channel 
in a patient's vascular system. 

Figure 8 schematically illustrates how a medical device 80 generally as outlined 
above can be used to occlude a patent ductus arteriosus. In this case, there is a shunt, 
referred to as a PDA above, which extends between a patient's aorta A and the 
pulmonary artery P. The device 80 can be passed through the PDA, such as by 
keq)ing the device collapsed within a catheter (not shown), and the forward end 84 of 
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the device can be allowed to elastically expand to substantially recover its thennally 
set, "remembered" shape from the heat treatment process, such as by urging the device 
distally to extend beyond the distal end of the catheter. This foiwand end 84 should be 
larger than the lumen of the shunt of the PDA. 

The device can thra be retracted so that the forward end 84 engages the wall of 
thepuhnonary artery P. If one continues to retract the catheter, the engagement of the 
device with the waU of the puhnonaiy artery will tend to naturally pull the body 
portion 82 of the device ftom the catheter, which will permit the body portion to 
return to its expanded configuration. The body portion should be sized so diat it will 
fictionally engage the lumen of the PDA's shunt. The device 80 will thra be held in 
place by the combination of tiie friction between the body portion and the lumen of the 
shunt and the engagement between flie wall of the pulmonary artery and the forward 
end 84 of the device. Over a relatively short period of time, tiuombi wffl form in and 
on the device 80 and the thrombi will occlude the PDA. If so desired, tfie device may 
be coated with a suitable thrombolytic agent to spoed up tiie occlusion of the FDA. 

Figures 9A and 9B are a side view and an end view, respectively, of yet 
another embodim^it of the present invention. This device 180 can be used for a 
variety of applications in a patient's blood vessels. For example, if a fabric having a 
relatively high pick (i.e. where the wire density is fairly great) is used in making the 
device, the device can be used to occlude blood vessels. In other applications, it may 
serve as a filter within a channel of a patient's body, either in a blood vessel or in 
another channel, such as in a urinary tract or biliary duct. In order to fiirther enhance 
or reduce the device's tendency to occlude the vessel, dq}ending on the application of 
the device a suitable known thrombogenic or antithrombogenic coating may be applied 
to the device. 

This filter 180 has a generally conical configuration, tapering generally radially 
outwardly fiT>m its rearward end 182 to its forward end 184. A length of the device 
adjacent its forward end is adapted to engage the walls of a hmen of a channel. The 
maximum diameter of the filter device 180 is therefore at least as large as the inner 
diameter of the channel in which it is to be positioned so that at least the forward end 
will engage the wall of the vessel to substantially lock the device in place. 
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Having a series of unsecured ends 185 of the wire stnmds adjacent the forward 
end of the device will assist in seating the deviee in the channel because the ends of 
the wires wiU tend to dig into the vessel wall slightly as the foiward end of the device 
uiges itself toward its fiitty expanded configuration within the vessel. The combination 
5 of the friction between the outwardly urging fofward end of the device and the 

tendency of the wire ends to dig into the vessel walls will help ensure that the device 
remains in place where it is dq)loyed rather than floating fhsdy within a vessel ^ 

reach an undeared location. 

The method in which the device 180 of the mvention is deployed may vary 
10 depending on the natore of the physiological condition to be treated. For example, in 
treating an aiterio-vraious fistula, the device may be carefully positioned, as described 
above, to occhide fte flow of blood at a feuriy qiedfic location. In treatmg other 
conditions (e.g. an arterio-venous malformation), hameva, if may be denied to siiiq>ly 
release a number of tiiese devices iqpstieam of tiie malformation in a vessel having a 
15 larger lumen and amply allow the devices to drift from the treatment site to lodge in 
smallo' vessds downstream. 

The decision as to whether the device 180 should be precisely positioned at an 
exaa location widiin the channel in a patient's body or whethn- it is more desirable to 
allow tiie device(s) to float to thor final lodging site will depend on the aze of the 
20 channels mvolved and the spedfic condition to be treated. This dedsion should be left 
to the individual operator to be made on a cas^-by-case basis as his or hra- expexisncc 
dictates; there is no one right or wrong way to dq)loy the device 180 without regard to 
the conditions at hand. 

In the embodiment shown in Figures 9A and 9B, the wall of tiie device extends 
25 generally linearly from a position adjacent ttie clamp 90 and the other end of the 

device, approximating a conical shape. Due to ti>e presence of the clamp 90, tfiough, 
the end of the device immediately adjacent the clamp may deviate slighdy from the 
cone shape, as indicated in die drawings. Alternatively, tiie wall may be curved so 
that the diameter of the device changes more rapidly adjacent the rearward end tiian it 
30 does adjacent its forward end, having an ^earance more like a rotation of a parabola 
about its major axis than a true cone. Either of tiiese embodiments should suffice in 
ocduding a vessel with tiie device 180, such as to occlude a vessel. 
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The ends of the wiic strands at the rearward end 182 of the device are secured 
with respect to one another, such as by means of a threaded clamp 90 such as that 
described above in connection with Figures 6A-6C. Portions of the wire strands 
adjacent the forwaid end 184 may also be secured against relative movraicnt, such as 
by spot welding wires to one another where they cross adjacent the forward end. Such 
a spot weld is schematically illustrated at 186 in Figures 9A and 9B. 

In the embodiment illustrated in Figures 9, though, the ends of the wire strands 
adjacent the forwaid end 184 in the finished device need not be affixed to one another 
in any foshion. These strands are held in a fixed portion during the forming process 
to prevrat the metal fabric from unraveling before it is made into a finished device. 
While the mds of the wire strands adjacent the forward end remain fixed relative to 
one another, they can be heat treated, as outlined above. The heat treatment will tend 
to fix the shapes of the wires in their deformed configuration wherdn the device 
generally conforms to a molding surface of the molding element. When the device is 
ranoved from coninct with the moldmg element, the wires will retain their shape and 
traid to lemam inteitwmed. Accontingly, when the device is released from contact 
with the molding element, even if the ends of the wires are released from any 
constraint the device should still substantially retain its sh^. 

Figures lOA-lOC illustrate three suitable molds for use in forming the fiher 180 
of Figures 9A and 9B. In Figure lOA, the moldmg element 200 is a smgle piece 
which defines a pair of generally conical portions abutting one another. In another 
similar embodunent (not shown), the molding element 200 may be generally ovoid, 
shaped not unlike an American football or a rugby ball. In the embodiment illustrated 
in Figure lOA, though, the molding element is a little bit less rounded. This molding 
element comprises two conical segments 202 which abut one anotho* at their bases, 
defming a huger diameter at the middle 204 of the element which can taper relatively 
uniformly toward the ends 206 of the element 200. 

When the a tubular braid is used in forming this device, the tubular metal fabric 
may be ^lied to the molding element by placing the molding element within the 
tubular braid and clamping the ends of the braid about the molding element before 
cutting the braid to the desired length. In order to better facilitate the attachment of 
the clamps 90 to the ends of the tubular braid, the ends 206 of the molding element 
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may be rounded, as shown, rather than tapering to a sharper point at the ends of the 
molding element. In order to ensure that the braid more closely conforms to the outer 
surface of the molding element 200, i.e. the molding element's molding surface, the 
natural, relaxed diameter of the braid should be less than the maximum diameter of the 
dement, which occurs at its middle 204. This will place the metal fabric in tension 
about the middle of the element and, in combination with the clamps at the ends of the 
braid, cause the braid to generally conform to the molding surface. 

Figure lOB illustrates an alternative moldirig element 210 for forming a device 
substantially as shown in Figures 9A and 9B. Whereas the moldmg element 200 is 
intended to be received within a recess in the metal fabric, such as within the lumen of 
a length of tubular braid, the molding element 210 has an internal cavity 212 adapted 
to receive the fabric. In ttiis embodiment, the molding element may comprise a pair of 
molding sections 214, 216 and these mold sections may be substantially identical in 
sbspt. Each of the molding sections 214, 216 generally comprise a conical inner 
surface 220 defined by a wall 222. Bach section also may be provided with a 
graerally cylindrical axial recess 224 for receivmg a clamp 15 (or 90) carried by an 
end of the metal fabric. 

The two molding sections should be readily attached to one another with the 
larger, open ends 226 of the sections abutting one another. The mold sections can 
simply be clamped together, such as by providing a reusable jig (not shown) which can 
be used to prxjperiy position the sections 214, 216 with respect to one anotiier. If so 
desired, bolt holes 228 or tiie like may be provided to allow a nut and bolt, or any 
similar attachment system, to be passed through the holes and attach the sections 214, 
216 together. 

In use, a suitably sized piece of a metal fabric, optimally a length of a tubular 
braid, is placed in the recess 212 of tiie molding element and tiie two molding sections 
214, 216 are urged toward one another. The fabric should have a relaxed axial length 
longer than the axial lengtii of the recess 212 so that bringing the sections toward one 
another will axially compress the fabric. This axial compression will tend to urge the 
wire strands of the braid radially outwardly away from the axis of the braid and 
toward engagement with the molding surface of the element 210, which is defined by 
the surface of the recess 212. 
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Once the metal fabric is deformed to generally conform to the molding surface 
of either molding element 200 or 210, the fabric can be heat treated to substantially set 
the shape of the fabric in its deformed state. If molding element 200 is used, it can 
then be lemoved from the interior of the metal fabric. If theie is sufficient room 
between the resilient wire strands, the molding dement can simply be removed by 
opening the wdb of wire strands and pulling the moldmg element out of the interior of 
the metal fobric. If molding element 210 is enq>loyed, the two molding sections 214, 
216 can be moved away from one another and the molded fabric can be retrieved from 
the recess 212. Depending on the shape of the molding surface, the resulting formed 
shape may resemble either a pair of abutting hoUow cones or, as noted above, a 
football, with clanq)s, welds or the like provided at eith^ end of the sbaq)e. 

This sh^ can then be cut into two halves by cutting the wires in a direction 
generally peipendicular to the shared axis of the cones (or the major axis of the ovoid 
shape) at a location about midway along its leqgth. This will produce two sqiarate 
filter devices 180 substantially as illustrated in Figures 9A and 9B. If the wires 
strands are to be joined adjacent the forward end of the device (such as by the 
weldmmts shown as 186 in Figures 9A and 9B), this can be dcme before the conical or 
ovoid shspc is severed into two halves. Much the same net shq)e could be 
accomplished by cutting the metal fabric into halves while it is still carried about 
molding element 200. The sq)arate halves having the desired sfai^ could then be 
pulled apsjt from one another, leaving the molding element ready for forming 
additional devices. 

In an alternative embodiment of this method, the molding element 200 is 
formed of a material selected to permit the molding element to be destroyed for 
r^oval from the interior of the metal fabric. For example, the molding element may 
be formed of a brittle or friable material, such as glass. Once the material has been 
heat treated in contact with the molding surface of the molding element, the molding 
element can be broken into smaller pieces which can be readily removed from within 
the metal fabric. If this material is glass, for example, the molding element and the 
metal fabric can be struck against a hard surface, causing the glass to shatter. The 
glass shards can then be removed from the enclosure of the metal fabric. The resultant 
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shape can be used in its generally conical shape, or il can be cut into two separate 
halves to produce a device substantially as shown in Figures 9A and 9B. 

Alternatively, the molding element 200 can be foimed of a material which can 
be chemically dissolved, or otherwise broken down, by a chOTiical agent which will 
not substantially adversely affect the properties of the metal wire strands. For 
example, the molding element can be formed of a temperatutB-nesistant plastic resin 
which is cjqwble of being dissolved with a suitable organic solvent. The fabric and the 
molding element can be subjected to a heat treatment to substantially set the shape of 
the fabric in conformance with the surface of the molding element, whereupon the 
molding clement and the metal fabric can be inunersed in the solvent. Once the 
molding element is substantially dissolved, tiie metal fabric can be removed and eitfier 
used in its current shape or cut into sq)arate halves, as outlined above. 

Care should be taken to ensure that the material selected to form the molding 
elCTiMtt is capable of withstanding the heat treatment without losing its shape, at least 
until the sh^ of the fiabric has been set. For example, the molding element could be 
formed of a material having a melting point above the temperature necessary to set the 
shape of the wire strands, but below the melting point of the metal forming the 
strands. Tlie molding element and metal fabric can then be heat treated to set the 
shape of the metal fabric, whereupon the temperature can be increased to substantially 
compl^ely melt the molding element, thereby removing the molding element from 
within the metal fabric. 

It should be understood that the methods outlined immediately above for 
removing the metal fabric 10 from the molding element 200 can be used in connection 
with other shapes, as well. Although these methods may not be necessary or desirable 
if the molding element is carried about the exterior of the metal fabric (such as are 
elements 30-40 of the molding element 20 of Figures 2-4), if the molding elranent or 
some portion thereof is enclosed within the formed metal fabric (such as the internal 
molding section of the molding element 20), tiiese methods can be used to effectively 
remove the molding element witiiout adversely affecting the medical device being 
formed. 

Figure IOC illustrates, yet another moldmg element 230 which can be used in 
forming a medical device such as fliat illustrated in Figures 9A and 9B. This molding 
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element comprises an outer molding section 232 defining a tapered inner surface 234 
and an inner molding section 236 having an outer surface 238 substantiaUy the same 
shape as the tapered inner surface 234 of the outer molding section. The inner 
molding section 236 should be sized to be received within the outer molding section, 
with a piece of the metal fabric (not shown) being disposed between the inner and 
outer moldiDg sections. Tlie molding surface of this molding element 230, to which 
the ftbric will generally confonn, can be considered to include both the inner surface 
234 of the outer molding section and the outer surfiace 238 of the inner molding 
section. 

Hiis molcfing elemrat 230 can be used with a metal febric which is m the fonn 
of a tubular braid. If such a fabric is used and a clamp 15 (not shown in this drawing) 
or the like is provided to connect the ends of the wire strands adjacent one end of the 
device, a recess (not shown) analogous to the cavity 46 in the face of the compression 
disk 44 of molding elemrat 20 (Figures 2-4) can be provided for receiving the clamp. 

However, the present molding el»ient 230 can be used quite readily with a flat 
woven piece of metal fabiic, such as is illustrated in Figure IB. In using such a 
fabric, a suitably sized and sbBped piece of fabric is cut; in using the molding elraient 
230 to produce a device 180 analogous to that shown in Figures 9A and 9B, for 
example, a generally disk-shaped piece of the metal fabric 10' can be used. The metal 
fabric is then placed between the two sections 232, 236 of tfie molding element and the 
sections are moved together to deform the fabric therebetween. After heat treatment, 
the fabric can be removed and will retain substantially the same shape as it had when it 
was deformed between the two molding sections. 

As can be seen by the discussion of the various molding elements 200, 210 and 
230 in Figures lOA-lOC, it should be clear that a number of different molding 
elements may achieve essentially the same desired shape. These molding elenients 
may be received entirely within a closed segment of fabric and rely on tension and/or 
compression of the fabric to cause it to generally conform to the molding sui&ce of 
the molding element, as with the element 200 of Figure lOA. The moldmg element 
210 of Figure lOB substantially encloses the fabric within a recess in the mold and 
relies on compression of the fabric (in this case axial compression of a tubular braid) 
to deform the fabric to the desired configuration. Finally, the fabric may be 
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compressed between two coacting parts of the molding element to defonn the fabric, 
such as between the two sections 232, 236 of molding element 230 in Figuie IOC. 
Any one or more of these techniques may be used in achievmg a finished product 
having a d^iied shsqie. 
S Figures 11 and 12 illustrate alternative embodiments of yet another medical 

device in accordance with thb invention. Both Figure 11 and Figure 12 illustrate a 
vascular tr^ suitable for use in temporarily iiltmng embolic particles from blood 
passing through a patient's vascular system. Such a device will most frequratly be 
used to filter emboli from a patient's blood when another medical procedure is being 
10 perfonned, such as by usiqg the tnp in conjunction with a rotating cutting blade 
during an athraectomy or with a balloon cath^r during angioplasty. It is to be 
understood, though, that the tn^ could also be used in other similar applications, such 
as m channels in patients* bodies oth^ than their vascular systems. 

In the CTbodiment of Figures llA and IIB, the vascular trap 250 comprises a 
IS genraally umbrBlla-shq)ed basket 270 carried adjacent a distal end of a guidewire 260. 
The guidewire in this embodiment includes a tapered distal section 262 with a spirally 
wound coil 264 extending along a distal length of the wire. Guidewires having such a 
distal end are conventional in the ait. The basket 270 is positioned generally distally 
of the coil 264, and is desirably attached to the guidewire proximally of the proximal 
20 Gad of the tapered section, as shown. 

The basket 270 (shown in its collapsed configuration in Figure 11 A) includes a 
distal band 272 and a proximal band 274. The distal band may be made of a 
radiopaque material, such as gold, platinum or tungsten, and is affixed directly to the 
shaft of the guidewire 260. This attachment may be made by any suitable means, such 
25 as by welding, brazing or soldering. Alternatively, the distal band 272 may conq>rise 
a bead of a biocompatible cementitious material, such as a curable oiganic resin. If it 
is desired to increase the visibility of the band for fluoroscopic observation, a 
radiopaque metal or the like can be imbedded in the cementidous material. The 
proximal band 274 may be formed of a hypotube sized to permit the tube to slide along 
30 the guidewire during deployment. This hypotube may be made of a metallic material; 
a thin-walled tube of a NiTi alloy should suffice. If so desired, the proximal band 
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may be fonned of a more radiopaque metal, or a NiTi aUoy band can have a 
radiopaque coating applied to its surface. 

The body of the device is fonned of a metal fabric, as plained above. The 
metal fabric of this embodiment is optimally initially fonned as a tubular braid and the 
ends of the wires forming the biaid can be attached together by means of the bands 
272, 274 before the fabric is cut to length. Much like the clamps 15, 90 noted above, 
these bands 272, 274 will help prevent the metal fabric from unravelling during the 
fonning process. (The method of forming the basket 270 is described below in 

connection with Figure 16.) 

When the device is in its collapsed state for deployment in a patient's vessel (as 
illustrated in Figure llA), tiie basket 270 will be collapsed towaid the axis of the 
guidewire 260. The distal 272 and pioximal 274 bands are spaced away from one 
another along the Iragth of the guidewire, with the fabric of the device extending 
therebetwera. In a prefened embodiment, when the basket is in its collapsed state it 
will engage the outer surface of the guidewire to permit the device to be dqiloyed 
thiough a relatively small lumen of a catheter or another medical device. 

When the device is deployed m a patimt's vascular system, the basket will take 
on an e^qpanded configuration wherdm it extends outwardly of the outer surface of the 
guidewire. As best seem in Figure IIB, the shape of the basket 270 when dq)loyed 
may generally resemble a conventional umbrella or parachute, having a dome-like 
structure curving radially outwardly from the guidewire moving pxoximally from the 
distal band 272. It is to be understood that other suitable shqies could easily perform 
the desired filtering function, such as a conical shape wherein the slope of the device 
changes more lineariy than the smooth, rounded version shown in Figure IIB. It is 
also believed that a relatively flat, disc sh^e would also suffice. In this expanded 
configuration, the two bands 272, 274 are closer together, with the distal band 272 
optimally being spaced only a short distance from the proximal band 274, as 
illustrated. 

In moving from its collapsed state (Figure 1 1 A) to its expanded state (Figure 
IIB), the metal fabric turns in on itself, with a proximal portion 282 of the collapsed 
basket being received within the interior of a distal porrion 284 of the collapsed basket. 
This produces a two-layered structure having a proximal lip 286 spaced radially 
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outwarily of the guidewire, defining a proximally-facing cup-shaped cavity 288 of the 
basket. When blood (or any other fluid) flows through the basket in a distal direction, 
any particulate matter in the blood, e.g. emboli released into the bloodstream during 
atheiectomy or angioplasty procedures, will trad to be trapped in the cavity 288 of the 
S basket. 

The precise dimensions of the metal fabric can be varied as desired for various 
supplications. If the device 250 is to be used as a vascular filter to txap emboli rdeased 
into the blood, for example, the pores (i.e. the openings between the crossmg metal 
strands) of the fabric are desirably on the order of about 1.0 mm. This is generally 

10 deemed to be the mimmum size of any particles which are likely to cause any advme 
side effects if they are allowed to float freely within a blood vessel. One would not 
want to make the pores too small, though, because the blood (or other fluid) should be 
free to pass through the wall of the basket 270. If so desired, the basket may be 
coated with a suitable anti-thrombogenic coating to prevent the basket from occluding a 

IS blood vessel in which it is dq>loyed. 

When a fabric having 1.0 mm pores is used to form the basket 270 of this 
embodiment of the invention, the fonnmg process wiU reorient the wires relative to 
one another and in some areas (e.g. adjacent the proximal lip 286) the pores wiD be 
laxger than 1 .0 mm. However, because the basket's walls are formed of essentially 

20 two thicknesses 282, 284 of the fabric, the effective pore size of the device may be 
significantly reduced even at these locations. 

The device 250 may also be provided with tethers 290 for collapsing the basket 
270 during retraction. The basket may include four indq>endent tether wires, each of 
which extrads proximally from the proximal lip 286 of the deployed basket. In a 

25 preferred embodiment, though, the four tether wires illustrated in the drawings are 
actually formed of two longer wires, with each wire extending peripherally about a 
portion of the proximal lip of the basket. These tether wires may be intertwined with 
the wires of the metal fabric to keep the tethers in place during use. When the tethers 
are retracted or drawn down toward the guidewire, the wires extending along the 

30 proximal lip of the basket will tend to act as drawstrings, drawing the proximal end of 
the lusket radially inwardly toward the guidewire. This will tend to close the basket 
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and entrap any material caught in the cavity 288 of the basket during use so that the 
basket can be retracted, as detailed below. 

The tether wires 290 may extwid along much of the length of the guidewire so 
that they will extend outside the patient's body during use of the device 250. When it 
is desired to collapse the basket for retrieval, the operator can simply hold the 
guidewire 260 steady and retract the tethera with resipect to the guidewire. ITiiscan 
tend to be relatively cumbersomb, though, and may be too difficult to effectively 
accomplish without breaking the tethers if the device is dq)loyed at a sdective site 
reached by a tortuous path, such as in the brain. 

Accordingly, in the preferred embodiment shown in Figures 1 lA and IIB, the 
tethers 290 are attached to the guidewire 260 at a position spaced proximaUy of the 
basket. Hie tethers may, for exanq>le, be attached to a metal strap 292 or die lite and 
this strap 292 may be affixed to the shaft of the guidewire. When it is desired to close 
the proximal end of the basket for retraction, an external catheter (not shown) can be 
urged distally toward the basket 270. When the catheter encounters the radially 
extending tethers, the distal end of the catheter will tend to draw the tethers toward the 
guidewire as the catheter is advanced, which will, in turn, tend to draw the proximal 
end of the basket closed. 

Figures 12A and 12B illustrate an altwnative embodiment of the device shown 
in Figures 11 A and 1 IB, with Figure I2A showing the device colls^sed in a catheter C 
for dqiloyment and Figure 12B showing the device in its deployed configuration. In 
the embodiment shown in Figures 12A and 12B, the basket 270 is formed substantially 
the same as outlined above in connection with Figures 1 lA and IIB. In the 
embodiment of Figures 12, though, the distal band 272 is affixed to the guidewire 260' 
at the distal tq) of the guidewire. The guidewire 260' is of die type referred to in the 
art as a "movable core" guidewire. In such guidewires, a core wire 265 is received 
within the lumra of a hdically wound wire coil 266 and the core wire 265 extends 
distally heyoad the <fistal end of the coil 266. A thin, elongate safety wire 268 may 
extend along the entire lurarai of the coil 266 and the distal end of the safety wire may 
be attached to the distal end of the coil to prevent loss of a segment of the coil if the 
coil should break. 
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In the embodiment of Figures 11, the proximal ends of the tethers 290 are 
attached to a metal strap 292 which is itself attached the shaft of the guidewiie 260. In 
the present embodhnent, the tethers are not attached to the core wiie 26S itself. 
Instead, the tethers are attached to the coil 266 of the guidewire. The tethers may be 

5 attached to the coil by any suitable means, such as by means of laser spot welding, 
soldering or brazmg. The tediers 290 may be attached to the coil 266 at virtually an 
spot along the lepgth of the coil. As illustrated in these drawings^ for example, the 
tethers may be attached to the coil adjacent the coil*s distal end. However, if so 
desirsd the tethers may be attached to the coil at a location space more proximally 

10 from the basket 270. 

An external catheter such as that refmed to in the discussion of Figures llA, 
but not shown in ttiose drawings, is illustrated in Figures 12A and 12B. Once the 
basket 270 is deployed in a patient's vessel to substantially reach the expanded 
configuration shown in Figure 12B and the basket has pofoimed its intoided filtration 

IS function, the external catheter C can be urged distally toward the bastet 270. As this 
catheter is urged forward, the t^ers will tend to be drawn into the distal end of the 
catheter, which is substantially narrower than the proximal 1^ 286 of the basket. This 
will tend to draw the tethers down toward the guidewire and he^ close the basket, as 
explained above. 

20 Figures 13-15 illustrate yet another alternative embodiment of a vascular trap in 

accordance with the present invention. This vascular trap 300 includes a basket 320 
received over a guidewire 310. In most req)ects, the basket 320 is directly analogous 
to the basket 270 illustrated in Figures 1 1-12. The basket 320 includes a proximal 
band 322 and a distal band 324. As in the embodim^t of Figures 12A and 12B, the 

25 distal band may be attached to the guidewire adjacent its distal end. If so desired, 
though, a structure such as is shown in Figures 11, wherein the guidewire extends 
distally beyond the basket, could instead be used. 

As best seen in its collapsed state (shown in Figure I2A), the basket includes a 
distal segment 325 and a proximal segment 326, with the distal end of the distal 

30 segment being attached to the distal band 324 and the proximal end of the proximal 
segment being attached to the proximal band 322. When the basket 320 is in it 
expanded configuration (shown in Figure 12B), the proximal segment 326 is received 
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within the distal segmemt 325. defining a proximal lip 328 at the proximal edge of the 
device. The wall of the basket thus fonned also includes a cavity 329 for trapping 
solids CTtrained in a fluid, such as emboli in a patimfs blood stream. 

The basket 320 of Figures 13-15 is also shaped a UtUe bit differcnUy than the 
basket 270 of the previous drawings. The prinaiy difference between these two 
baskets is that the basket 320 is a little bit shorter along its axis that is the basket 270. 
Tliis different basket shape is simply intended to ilhistrate that the basket of a vascular 
trap in accoidanoe with the invention can have any of a wide variety of shapes and no 
particular signiiicance shouW be attached to the slightiy different shapes shown in the 
various drawings. 

In the vascular traps 250 and 250* of Figures 11 and 12, respectively, tethers 
were used to draw down the proximal end of the basket 270 to close the basket for 
retraction. In the embodiment shown in Figures 13-15, thoiigh, the trap 300 inchides a 
basket cover 340 positioned proximally of tiie basket 320. Hie basket cover may also 
be formed of a metallic tubular braid and is also adi^ to be collapsed to lay 
generaUy along the outer suifece of tiie guidewire 310. The cover 340 is not dirBCdy 
affixed to the guidewhs at any point, tiiough, but is instead intended to be slidable 
along the guidewire. As best seen in Figures 13 and 14 wherein the cover is in its 
collapsed state, the cover 340 includes a distal hypotube 342 and a proximal control 
bypotube 344, widi the distal hypotube being attached to the distal end of the cover 
340 and the proximal control bypotube 344 b«ng attadied to the proximal aid oS the 
cover. 

The cover 340 is shown in its deployed, expaaded configuration in Figure 15. 
As shown in that figure, the cover has a similar stnicture to tiiat of the basket 320, but 
is oriented to be open distaliy rather that proximally, as is tiie basket. As best seen in 
Figures 13 and 14 wherein the cover is in its colkqised state, the cover has a distal 
segment 352 and a pronmal segment 354. When the cover is dq)loyed by urging it 
distaliy out of the distal end of the dqiloyment catheter C, the cover 340 will tend to 
resiliently return to its ejqjanded configuration and the distal hypotube 342 will slide 
axially proximally along the guidewire toward the proximal control hypotube 344. 
This wiU invert the collapsed cover so that the distal section 352 is generally received 
within the proximal section 354, defining a distal lip 358 of tiie cover. 
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The proximal control hypotube 344 may extend along a substantial portion of 
the length of the catheter 310 so that it extends out of the patient's body when the 
device 300 is in place. By grasping the control hypotube and moving it relative to the 
guidewiie 310, an operator can control the position of the cover 340 with respect to 

5 the basket 320, which is affixed to the guidewixes. As eaqilained in more detail bdow 
in connection with the use of the device 300, once the basket has bem deployed and 
has been used to filter objects entrained in ttie fluid (e.g. emboli in blood), the cover 
340 may be deployed and the trap may be drawn proximally toward the cover by 
moving the guidewire proximally with respect to the control hypotube 344. 

10 The iimer diameter of the distal lip 358 of the cover is desirably slightly larger 

thantheouterdiameterof the proximal lq> 328 of the basket. Hence, when the basket 
is drawn proxunally toward the cover it will be substantially enclosed tfaerem. The 
cover will therefore tend to trap any emboli (not shown) or other particulate matter 
retained within the cavity 330 of the basket. A retrieval sheath S may then be urged 

15 distaUy to engage the outer surface of the cover 340. This will tend to cause the cover 
to collapse about the basket, tightly engaging the outer suifeoe of the basket. This 
somewhat collapsed structure can then be withdrawn from the patient's channel and 
removed from the patient's body. By ^closing the basket within the cover, the 
likelihood of any filtered debris within the basket bemg lost as the basket is retrieved 

20 will be substantially eliminated. 

The guidewire and the metal fabric can be of any diameter suitable for the 
intended application of the vascular trap 250, 250' or 300. In a preferred embodiment, 
the guidewire is between about 0.014" and about 0.038" in diameter and the wires of 
the metal fabric used to form the basket (and the cover 340, if a cover is included) axe 

25 between about 0.002'* and about 0.006". The thickness of the metal bands (272, 274 
or 322, 324) also is desirably in the range of about 0.002"-0.006". 

In one particulariy preferred embodiment intended to be used in narrower 
vessels such as those encountered in cerebral and coronary applications, the guidewire 
has an outer diameter of about 0.014" and the wires of the metal fabric are about 

30 0.002" in diameter. The metal bands in this embodiment may also have a thickness of 
about 0.002" so that they will not be substantially wider than the collapsed basket. 
When the device is collapsed for deployment through a catheter, it wiU have an outer 
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diameter of about 0.018", permitting the device to be used with catheters and other 
instruments adapted for use with a 0.018" guidewire. 

Figure 16 iUusUates one embodiment of a molding element 370 which may be 
used in making a basket 270. Although the basket 320 and cover 340 of the trap 300 
are shaped somewhat diffaentiy, an analogous molding element can be used for these 
portkms of the trap 300 as weU by shnply modifying some of the dimensions of the 
molding element 370, but retaining the basic shape and stiuctuic off the mokling 
element It also should be understood that the molding element 370 is merely one 
possible molding element for forming a shape such as that of the basket 270 and that 
any one of a variety of different molding elements will be apparent to those skilled in 
the art, as noted above in connection with Figures lOA-C. 

Hic molding ehanent 370 has an outer moldmg section 372 defining a curved 
inner surface 374 and an inner mokling section 376 having an outw surfece 378 
substantially the same tbapo as the curved iuner surface 374 of the outer moMmg 
sectkm. The imierniokling section 376 shouW be sized to be recdved within the outer 
moklmg seclron, with a piece of the metal fabric (not shown) bemg disposed between 
the inner and outer moUiiiig sections. In a prefiBned embodiment, the inner surfece 
374 of die outer molding dement and die outer surface 378 of the innra- moldmg 
section each indude a recess (375 and 379, respectively) for reodving an end of the 
braid. The molding surface of tins mokling dement 370, to which tiie fabric will 
generaUy conform, can be oonsideied to indude botii tiie inner suifece 374 of tfie outer 
moldmg section and tiie outer surfece 378 of the inner mokUng section. 

In use, tiie two moldii^ sections 372, 376 are spaced quit from one anotiier 
and a lengtii of a tubufcu- braid of metal fabric (not shown in Figure 16) is disposed 
between tiiese molding sections. Optimally, one end of tiie fabric is placed m tiie 
recess 375 of the outer molding section and the otiier end of the febric is placed in the 
recess 379 in tiie inner molding section. The hmer and outer moldmg sections can 
tiien be urged generaUy toward one anotiier. As tiie ends of tiie wire appmach one 
anotiier, tiie tubular braid will tend to invert upon itself and a surfece of tiie tubular 
braid will generally conform to either the inner surface 374 of the outer moldmg 
section or the outer surface 378 of the inner molding section, arriving at a shape 
analogous to tiiat of the basket 270 of tiie traps 250, 250'. The two molding sections 
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can them be locked in place with respect to one another and the metal fabric may be 
heat tieated to set the wires in this deformed configuration. 

The method in accoidance with the present invention further includes a method 
of tieating a physiological condition of a patient. In accordance with this method, a 
medical device suitable for tieating the condition, which may be substantially in 
acconlance with one of the raibodiments outlined above, is selected. For example, if 
a patent ductus arteriosus is to be treated, the FDA occlusion device 80 of Figures 6A- 
6C can be selected. Once the ^ropriate medical device is selected, a catheter may 
be positioned within a channel in patient's body to place the distal end of the catheter 
adjacent the desired treatment nte, such as immediately adjacent (or even within) the 
shunt of the FDA. 

Medical devices made in accordance with the method of the invention outlined 
above have a pres^ expanded configuration and a colk^sed configuration which allows 
the device to be passed through a catheter. The expanded configuration is generally 
defined by the shape of the medical fabric when it is deformed to generally conform to 
the molding surfiace of the molding dement Heat treatuig the metal fabric 
substantially sets the shapes of the wire strands in the leorirated relative positions 
when the fabric conforms to the moldmg surface. When the metal fabric is then 
removed from the molding element, the fabric may define a medical device in its 
preset expanded configuration. 

The medical device can be collq>sed into its collapsed configuration and 
inseited into the lumra of the catheter. The collapsed configuration of the device may 
be of any shape suhable for easy passage through the lumen of a catheter and proper 
dq)loyment out the distal end of the catheter. For example, the devices shown in 
Figures 5 may have a relatively elongated collapsed configuration wherem the devices 
are stretched along their axes. This collapsed configuration can be achieved simply by 
stretching the device generaUy along its axis, e.g. by manually grasping the clamps 15 
and pulling them q>art, which will tend to collapse the expanded diameter portions 64 
of the device 60 inwardly toward the device's axis. The PDA occlusion device 80 of 
Figures 6 also operates in much the same fashion and can be coU^sed into its 
collapsed configuration for insertion into the catheter by applying tension generally 
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along the axis of the device. In this regard, these devices 60 and 80 are not unlike 
"Chinese handcuffs", which tend to constrict in diameter under axial tension. 

Once the medical device is collapsed and inserted into the catheter, it may be 
urged along the lumen of the catheter toward the distal end of the catheter. This may 
be accomplished by using a guidewire or the like to abut against the device and urge it 
along the catheter. When the device begins to exit the distal aid of the catheter, which 
is positioned adjacent the desired treatment site, it will tend to resiliently return 
substantially ratirely to its preset e^qianded configuration. Siq>erelastic alloys, such as 
nitinol, arc particularly useful in this iqiplication because of their ability to readily 
return to a particular configuration after being elastically deformed to a great extent. 
Hence, simply urging the medical device out of the distal end of the catheter tend to 
properly dq>loy the device at the treatment she. 

Although the device will tsoA to resiliently return to its initial expanded 
configuration (i.e. its shape prior to being collapsed for passage through the catheter), 
it should be understood that it may not always return entirely to that shape. For 
example, the device 60 of Figure 5 is intended to have a maximum outer diameter in 
its expanded configuration at least as large as and prefiraably larger than, the inner 
diameter of the lumen in which it is to be dq>loyed. If such a device is deployed in a 
vessel having a small lumen, the lumen will prevent the device from completely 
retummg to its esqianded configuration. Nonetheless, the device would be property 
dq)Ioyed because it would engage the inner wall of the lumen to seat the device 
therein, as detailed above. 

If the device is to be used to permanratly occlude a channel in the patient*s 
body» such as the devices 60 and 80 described above may be, one can simply retract 
the catheter and remove it from the patient's body. This will leave the medical device 
deployed in the patient's vascular system so that it may occlude the blood vessel or 
other channel in the patient's body. In some circumstances, the medical device may be 
attached to a delivery system in such a manner as to secure the device to the end of the 
delivery means, such as when the threaded clamp 90 shown in Figures 6 and 9 are 
attached to a distal end of the delivery means, as explained above. Before removing 
the catheter in such a system, it may be necessary to detach the medical device from 
the delivery means before removing the catheter and the delivery means. 
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The devices of Figures 11-15 may be deployed in much the same fashion 
outlined above. However, these devices 250, 250' and 300 arc advantageously 
deployed for use in conjunction with another medical device and will most frequently 
be retracted from the patient's body after use. 

5 For example, any one of these devices are suitable for use in conjuncdon with a 

balloon angioplasty procedure. In such procedureSt catheters having inflatable balloons 
at their rads, referred to as balloon catheters, are positioned within a blood vessel so 
that the balloon is positioned within a stenosis. These balloons are positioned by 
tracking the balloon catiheter along a guidewire or the like; the balloons typically have 

10 a central bore therethrough. Once the balloon is property positioned, it is inflated and 
urges radially outwardly against the stenosis. This will tend to squeeze the stenosis 
against the walls of the vessel, improving patoicy of the vessel. 

When the stenosis is treated in this fashion, though, there is a risk that some 
debris will break free and enter the blood flowing through the vessel. If left 

IS unchecked, this embolus can drifl downstream and onbolize a distal portion of the 

vessel. Dq)ending on where the CTibolus comes to rest, the embolization can result in 
signiflcant tissue or organ damage. This risk is particulariy acute in cardiac and 
coronary applications because the embolization can result in a myocardial infarction or 
heart attack, and in neurovascular and interventional radiological procedures the 

20 embcdization can lead to a stroke or damage to brain tissue. 

In order to prevent, or at least substantially limit, such embolization, a vascular 
trap 250, 250' or 300 of the invention can be used with the balloon catiieter. Hie 
device should be sized to permit it to be passed through the lumen of the particular 
balloon catheter to be used in the angioplasty. 

25 In one embodiment of a method for using such a vascular trap, the trap is 

deployed first. The basket (270 or 320) of the trap will be guided to a position located 
downstream of the desired treatment site through an introduction catheter (e.g. the 
catbwr C in Figures 12-15). The basket is then uiged distally beyond the end of the 
cath^r, which will permit the basket to resiliently substantially return to its expanded 

30 configuration from its collapsed configuration within the catheter. Once the trap is in 
place, the balloon catheter can be exchanged for the introduction catheter, and the 
balloon catheter can track the guidewire (260 or 310) of the vascular trap. The 
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balloon can then be positioned within the stenosis and expanded, as outlined above. 
Once the angioplasty has been completed, the balloon can be deflated again and 
withdrawn proximally out of the patient. 

In an altemative embodiment of the present method, the balloon catheter can be 
used to perfonn the same function as performed by the intnxiuction catheter in the 
preceding embodiment. In this embodiment, the balloon catheter is posWoned m the 
patient's vessel so that the distal end of the balloon catheter is located downstream of 
the stenosis. The vascular top (250, 250' or 300) of the invention is then passed 
thnnigh the lumen of the balloon catheter and the basket is uiged out of the distal end 
of the catheter. The bask^ will resiliently substantially letura to its prefened 
expanded configuration, whereupon the balloon catheter can be retracted along the 
shaft of the ctevice's guidewire until the balloon is properly positioned within the 



If so deared, the balloon catheter can instead be provided with a length of 
standaid catheto- extending distaUy beyond the distal end of the balloon Hie balloon 
can then be positioned within the stenosis and the basket can be urged out of the distal 
end of the distal extrasion of the catheter. In such an embodimrat, the length of the 
distal extension of ttie catheter should be sufficient to property position the basket with 
respect to the balloon when the basket exits the distal end of the cath^. This will 
elunmate the need to perfonn the sqiarate step of retiactihg the balloon into position 
within the stenosis after the basket is dq>loyed. The baUoon can then be expanded, 
deflated and withdrawn as described above. 

Much the same procedure can be used to dqiloy a vascular trq> of the invention 
for use in an atherectomy procedure. In such procedures, a cutting head is positioned 
at the distal end of an elongate, hollow shaft and the cutting head has a bore e3ctending 
therethrough. The trap can be deployed in either of the methods outlined above, but it 
is anticipated that in most instances the furst procedure will be used, i.e. the basket will 
be deployed with an mtroduction catheter, which will be removed so that the cutting 
device can be guided over the guidewire of the vascular trap. It should also be 
understood that the device 250, 250' and 300 could also be used in other medical 
procedures in other bodily channels besides a patient's vascular system. 
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Since the ti^ is positioned downstream of the stenosis, any debris released 
during the proceduie will tend to drift distally toward the basket and be caught therein. 
In order to prevent any emboli from simply floating past the tr^, it is preferred that 
the proximal lip (288 or 328) of the basket be ai least as large as the lumen of the 
S vessel. In a preferred embodiment, the natural dimension of the proximal lip (i.e. 

where the basket has fully returned to its expanded ccmfiguration) is somewhat greater 
than the vessel' s inner diameter so that the basket will firmly engage the wall of the 
vessel. 

The method of retracting the basket will dqiend on which embodiment of the 

10 vascular trap is used, namely whether or not the device includes a cover 340. The 
device 250 or 250' of Figures 11 or 12, respectively, do not include such a cover. 
However, they do mclude tethers 290 which extend proximaUy from the proximal lip 
288 of the basket to an attachment to the guidewire. In either of these embodiments, a 
retrieval catheter can be introduced over the guidewire and urged distally toward the 

IS basket. As e^qilained above in tonnection with Figures 11 and 12, this will tend to 
draw the tethers down toward the guidewire, effectively closing the proximal end of 
the basket 270. Once the bask^ is sufTiciratly closed, such as when the proximal lip 
of the basket engages the distal tip of the retrieval catheter, the catheter and the 
vascular trap can be retracted together from the patient's body. By substantially 

20 closing the proximal end of the basket in such a fashion, any emboli which are 

captured in the basket when it is dq>loyed can be retained within the basket until it is 
removed from the patient's body. 

If so desired, a balloon catheter or like device can instead be used, with the 
balloon catheter being used to draw down the tethers 290 and collapse the basket. The 

25 vascular trap can then be withdrawn with the balloon catheter rather than having to 
sqparaitely introduce a removal catheter to remove the trap. 

In withdrawing the embodiment illustrated in Figures I3-1S, the cover 340 is 
positioned over the proximal lip of the basket before the vascular trap 300 is retracted. 
Once the medical procedure is completed and any debris has been capmred in the 

30 basket, the cover 340 is allowed to resiliently substantially return to its expanded 
configuration. Once it is deployed proximally of the basket, the basket 320 can be 
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drawn proximaUy towaid the cover 340 until it engages or is received within the 
cover, as noted above in connection with Figure 15. 

In actuality, the cover 340 may be unable to rctorn to its fall expanded 
configuration due to tiie confines of the vessel in which it is dqjloyed. As explained 
previously, the cover 340 is desirably larger than the basket 320 so that the basket can 
be received within the cover. However, the basket is optimally sized to engage the 
walls of the vessel to prevent the unwanted passage of emboli or other debris around 
tiie edges of tije basket. Accordmgly, the distal lip 358 of the cover wiU engage the 
wall of the channel before it ejqnnds to its fuU size. The walls of most bodUy 
cbannds, such as Mood vessels, tend to be somewhat elastic, though. The cover 340 
will tiierefbre tend to uige harder against the wall of the vessel titan tiie smaller basket 
and may stretch tiie vessel a littie bit more tiian wiU tiie basket In tiiis fashion, tiie 
cover may still be able to expand to a dimension large enough to permit tiie basket to 
be received in tiie cavity 356 of tiie cover. If not, the distal % 358 of tiie cover can 
simply be brought into close engagement witii tiie pnndmal 1^ 328 of tiie basket to 
generally seal tilie basket. 

Once tiie cover 340 is brouglit into engagement witii the ba^ 320, whetiier by 
receiving tiie basket wiflun the cover or, less preferably, 1^ engaging flie Iqis 358, 328 
of tiie cover and tiie basket, tiie device can be witiidrawn proxunally from tiie patient's 
vascular system. The cover will traid to prevent any emboli caught in the basket 
during deployment from bdng inadveitaidy lost during witiidrawal. 

The vascular ti^s 250, 250* and 300 of tiie present invoition therefore have 
distinct advantages ovct ottier vascular traps or filters currentiy known in ttie art. As 
explained above, most prior art traps are difficult and eiqiensive to form and cannot be 
readily collapsed for retrieval. The present invention, tiiougb, provides a method for 
making the vascular traps 250, 250' and 300 which is botti relatively inexpensive and 
less labor mtensive, generaUy resulting in a more consistoit product tiian prior art 
hand-forming metiiods. Furtiiermore, tiie stnicturc of tiie dewce and tiie metiiods 
outlined above for removing the device will fairly reliably prevent tiie inadvertent 
dumping of trapped emboli back into Uie bloodstream while the device is being 
removed. Since most prior art trails and filters are much more difficult to use and are 
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more likely to dump filtered debris back into the bloodstream, the present invention 
can be substantially safer than these prior art systems. 

While a preferred embodunent of the present invention has been described, it 
should be undeistood that various changes, adaptations and modifications may be made 
therein without departing fiom the qiirit of the invention and the scope of the appended 
claims. 
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WHAT IS CLAIMED IS: 

1. A trap for trapping particulaie material entrained in a fluid within a channel 
of a patient's body, comprising a guidewire having a distal end and a basket carried by 
the guidewire adjacent said distal end; the basket being adapted to strain the particulate 
material ftom fluid passing therethrough and comprising a melal fibric having first and 
second ends, at least one end of the fabric bemg adapted to sUde aloQg the guidewire; 
the metal febric having a collapsed configuration wherein ttie first and second ends are 
spaced from one another a first distance along the guidewire and the metal febric has a 
fiist diameter, and an expanded configuration wherein the first and second ends are 
spaced a second, shorter distance along the guidewire and the metal febric has a 
seocmd diameter, the first diameter bang less than the second ^ameter. 

2. A trap for trapping particulate material entrained in a flmd within a channel 
of a patient's body, comprising a guidewire having a distal segment and a metal febric, 
the metal febric having a first end carried by the distal s^ent and a second end 
sUdable along the guidewire, the metal febric being disposed adjacent the outer surfece 
of the guidewire when die second end is spaced pronmally of the first end and 
extending generally outwardly of the guidewire vAen flie second aid is slid nearer the 
first end to define a particle-trap[ring screen. 

3. The trap of daim 2 wherein the first end is affixed to the guidewire. 

4. The tzap of claim 2 wherein the metal febric is realient and the seowjd end 
will lesiliently slide toward the first aid to define the particle trapinng screen when ttie 
febiic is not constrained. 

5. The trap of daim 2 w^erdn a first length of the metal fabric attending 
pnndmally ftom the first end defines a distal surface of the screen and a second length 
of the metal febric artending distally ftom the second end of the fabric defines a 
pnndmal surface of die screen. 

6. The trap of dam 5 wherdn the screen is generally dome-shaped and the 
second length of the febric is received within the first length of the febric. 

7. The trap of daim 5 wheidn a central portion of the metal fsbnc defines a 
proximally-fecing lip of the screen. 

8. The trap of daim 2 further comprising a tether extending from said screen 
to the guidewire, the tether being attadied at one end to the guidewire. 
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9. The trap of daim 8 wherein the screen has a periphery, the tether 
compriang a wire attached at each end to the guidewire and extending about the 
periphery of the screen such that when the tether is drawn inwardly toward the 
guidewire it will act as a drawstring to collapse the periphery of the screen toward the 

S guidewire. 

10. The trap of claim 2 further comprising a cover formed of a metal fabric, 
the cover being slidable along the guidewire from a first position spaced proximally of 
the screra toward a second position adjacent the screen. 

11. The tr^ of claim 10 wherein the cover has two ends, the covct being 
10 diqwsed adjacent the outer sur&ce of the guidewire when one end is spaced 

proximally of the other end and extending generally outwardly of the guidewire to a 
tfiamfff^ at least as great as an outer diameter of the screen when one end of the cover 
is slid nearer the other end. 

12. The tr^ of daim 10 wherein the screen is generally dome-shaped and 
IS includes a proximaUy-fadng lip, the cov^ in an eoqianded configuration defining a 

recess azed to receive the lip of the soeen. 

13. The trap of daim 12 wherein the screen has an outer diameter and the 
cover has an inner ^^^mt^^t^ greater than the outer diamet^ of the screen. 

14. A method of tx^ing particulate material entrained in a fluid within a 
20 diannd of a patient's body, conqirising: 

a) providing a metal fabric having a collapsed configuration wherein it has a 
first diameter and an eqianded configuration wherein it has a second, gteaiesr diameter 
and defines a proxirnaUy-£acinig particle-recdving cavity; 

b) oollayxnng die metal fabric into its coUiyised configuration and urging the 
25 metal fabric along said diannd to a dqiloymmt site; 

c) permitting the metal febric to resiliently substantially return to its expanded 
configuration; 

d) allowing the fluid to flow through the metal fitbric to trap a portion of the 
particulate material in the cavity; 

30 e) at least partially cloang the metal fiibric to retain the trapped particulate 

material is retained within a closed cavity; and 
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f) retracting the metal fabric along the channel with the paiticulate material 
retained vdthin the coll^sed cavity. 

15. The method of daim 14 wherein the metal febric in its coll^sed 
configiiialioa is urged along a catheter positioned within a lumen of the channel. 
5 16. The method of daim 15 wherein Oe&bric is allowed to sid>stantially 

return to its eaqnnded ccmfiguiation 1^ ui^ tfie £d)ric b^rond the distal end of the 
catheter. 

17. The method of daim 14 ^idieiein the metal fibric is dosed by ur;^g a 
cover into tngagwnent with a distal portion of die metal fabric to retain the particulate 

10 matoial widiin flie cavity. 

18. The method (tf claim 17 ^tbaan tbt cover has an eqanded configuration, 
further comprising the st^ of collapsing the cover, urging the cover along the channd 
to a portion spaced pioximally of ttie metal fiahtic, and aUowii^ the cava to 
ledlieatly substantially return to its expanded configuration prior to urging the cover 

15 into engaganmt wiUi the metal fibric. 

19. Hie method of daim 14 ^riierdnflie metal fibric is carried by a guidewire 

and at least one tether extends from a proximaUy-fiKing lip of the fabric pnKiinally t^ 
the guidewire, wherein the metal fidmc is dosed by urging the tedwr down toward the 
guidewire to draw the lip of the metal fitbric toward the guictewire. 
20 20. Hie method of daim 19 whetdn the teOier is urged toward the guidewire 

by urging a sheath distaUy along the guidewire toward the metal fibrie, the sheath 
having an lumen smallo: than the lip of the ni^etal fabric. 
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